Purpose: Previous investigators have reported widespread overuse of imaging tests for staging clinically localized prostate cancer. In this study imaging test utilization rates were analyzed in a contemporary group of patients, and clinical and demographic predictors of testing were identified.
Imaging studies performed in men diagnosed with prostate cancer serve to enhance clinical staging before treatment and, thereby, facilitate optimal treatment planning. For example, early detection of tumor dissemination to pelvic lymph nodes or to bone may spare a patient local therapy that is unlikely to be curative and may prompt more rapid initiation of systemic therapy. However, all staging investigations are associated with low but definite risks to the patient and with significant costs to the health care system. While extant clinical practice guidelines do not include specific recommendations for pretreatment testing, 1 several studies done to identify appropriate indications for imaging have shown consistent overuse in patients with clinically low risk disease. 2 Most of these studies used some combination of serum prostate specific antigen (PSA), biopsy Gleason sum and T stage to predict the likelihood of positive imaging results or occult advanced disease. For example, Oesterling demonstrated that a PSA of less than 10 ng./ml. has a negative predictive value of 99.5% for significant findings on bone scan and in fact only 0.8% of 2,064 patients with PSA as high as 20 ng./ml. had positive scans. 3 Levran et al reported that lymph node disease was detected on computerized tomography (CT) in only 1.5% of 861 patients and all positive images were noted in those with a PSA of greater than 20 ng./ml. 4 After extensive review of the available literature O'Dowd et al recommended that bone scan should only be performed in patients with PSA greater than 10 ng./ml., while crosssectional imaging should be done only in those with PSA greater than 20 ng./ml., Gleason sum greater than 7 and/or clinical T stage 3 or 4 disease. 5 Despite the promulgation of such recommendations studies to date have shown consistent patterns of overuse. In a 1997 survey of 1,500 urologists 52.4% of respondents stated that they ordered bone scans in all prostate cancer cases regardless of PSA and 28.6% ordered CT regardless of PSA. 6 In 1998 Kindrick et al compared staging test practice recommendations in the literature, particularly as identified by O'Dowd et al, 5 to actual practice patterns recorded between 1989 and June 1997 in the Cancer of the Prostate Strategic Urologic Research Endeavor (CaPSURE), a national registry of patients with various stages of prostate cancer. 2 They observed a broad and consistent overuse of bone scan, CT and magnetic resonance imaging (MRI) with little change during the study period even as median PSA in their patient population decreased 25%. In the current study we present up- dated trends in imaging test utilization in a contemporary group of patients as well as an analysis of clinical and demographic predictors of testing.
MATERIALS AND METHODS
Description of data registry. CaPSURE is a longitudinal, observational database of men with biopsy proven prostate adenocarcinoma recruited from more than 35 urology practices across the United States, including academic and community based sites. Men are recruited consecutively into the study by urologists, who report complete clinical data and followup information on diagnostic tests and treatments. Patients are followed until death or study withdrawal. Additional details of the project methodology have been reported previously. 2, 7 Subjects. Between June 1, 1995, when the database was opened, and August 31, 2001, 7,379 patients were invited to participate in the CaPSURE project and 7,199 agreed to participate. Of these patients 1,025 were excluded from analysis because the primary treatment classification was unknown or missing, while 1,166 were excluded because clinical staging information (PSA, Gleason sum, clinical T stage, and the dates of diagnosis and treatment) was incomplete. Another 42 men were excluded because they were diagnosed before 1989. The remaining 4,966 patients comprised the study population.
Data analysis. Demographic factors extracted from CaPSURE included patient age at diagnosis, race, education, income, treatment site location and type (academic or community), and type of insurance. Clinical factors included PSA at diagnosis, Gleason score of diagnostic biopsy and pretreatment clinical T stage. These data were combined to stratify patients into clinical risk groups, including low risk-PSA less than 10 ng./ml., Gleason sum less than 7 and clinical stage T1 or T2a; intermediate risk-PSA between 10.1 and 15 ng./ml., Gleason sum 7 or clinical stage T2b; and high risk-PSA greater than 15 ng./ml., Gleason sum greater than 7, or clinical stage T3 or T4. Primary treatments were grouped as prostatectomy, radiotherapy (external beam or interstitial), cryotherapy, hormonal ablation only and watchful waiting. Imaging tests were included if they were performed during the staging interval, defined as the period between the date of diagnostic biopsy and the date of primary treatment. Only bone scans and abdominal or pelvic CT and MRI were analyzed.
The primary outcome variable in all analyses was test utilization, defined as the percent of patients receiving a given test during the staging interval. To contrast contemporary testing patterns with those reported by Kindrick et al 2 utilization rates were compared in patients in each risk group diagnosed before and after June 30, 1997 with the significance of differences assessed by the chi-square test. Overall linear trends in test use in patients at low and intermediate risk were assessed by plotting test utilization in these patients against the year of diagnosis. The significance of trends was tested by multiple linear regression to control for the decrease in median PSA during the study period.
Demographic and clinical predictors of test utilization were first assessed via univariate chi-square analysis except for the ordinal variables risk and age, which were assessed by the Mantel-Haenszel chi-square test for trend. Factors showing a significant univariate predictive value were included in a multivariate generalized linear model (a modification of analysis of variance which is more robust with respect to variable sample sizes across groups). The significance of the contribution to the multivariate model was tested using the F statistic. Imaging testing frequencies at the various levels of the variables with significant predictive value in the multivariate model were compared using Duncan's multiple comparisons analysis. All analyses were performed using commercially available software.
RESULTS
Patient and physician characteristics. Table 1 lists patient clinical and demographic characteristics. Mean age at diagnosis plus or minus standard deviation was 67.4 Ϯ 8.3 years. Mean serum PSA was 15.6 Ϯ 21.1 ng./ml. (median 8.1). The mean Gleason sum was 6.0 Ϯ 1.4 (median 6). Compared with the group analyzed by Kindrick et al 2 the average patient in CaPSURE was almost 4 years younger. Median PSA decreased more than a whole point from 9.2 ng./ml., while Gleason sum increased slightly from 5.8. As in the earlier data set, more than 91% of patients had clinical T stage T1 or T2 disease and a staging interval of 6 months or less. About a third of the patients were in each risk group.
Time trends in staging test use. We compared test utilization in the study data set of Kindrick et al through June 1997 2 and in patients entered into CaPSURE since July 1997. Table 2 shows utilization trends stratified by patient risk groups. Since June 1997, the proportion of patients re- Figure 1 shows long-term trends in the use of bone scan and cross-sectional pelvic imaging in patients at low and intermediate risk. The use of bone scan and cross-sectional imaging decreased significantly during the study period. These findings persisted after correcting for decreasing median PSA (multiple linear regression p Ͻ0.001).
Factors predictive of test utilization. Table 3 lists demographic and clinical factors predicting test utilization. On univariate analysis treatment type, risk group, race, geographic location and insurance type were significantly associated with test utilization. On multivariate analysis controlling for the year of diagnosis all variables except age persisted as significant predictors. The overall R 2 for the multivariate model was 0.224 (p Ͻ0.0001). By analysis multiple comparisons, patients undergoing cryotherapy had the highest utilization rates, those followed by watchful waiting had the lowest rate and differences among other treatment types were not significant. Patients in the Veterans Affairs system had lower utilization rates than those with other types of insurance and Latino patients had lower rates than those in other racial groups. All differences among geographic regions were significant. Patients treated in the East were most likely to undergo imaging, followed in order by those in the South, West and Midwest. As expected, on multivariate analysis patients at high risk underwent the most staging tests and those at low risk underwent the fewest tests. There was wide variation among individual practice sites. For those accruing at least 10 patients to CaPSURE the overall rates ranged from 18.1% to 86.1%.
DISCUSSION
The advent of widespread PSA screening produced a sharp increase in the yearly incidence of prostate cancer and concomitant downward stage migration with more early detection of localized disease. These trends have created a situation in which rates of heath care expenditures for prostate cancer staging tests have increased dramatically. Analysis of CaPSURE data through 1997 showed widespread and consistent overuse even as the patient disease burden at diagnosis decreased throughout the 1990s.
Since 1998, others have confirmed the lack of value for staging tests in patients at low risk. A number of instruments based on multivariate regression or neural network analysis have been increasingly well validated, further corroborating the low likelihood of extensive disease in patients with favorable clinical prognostic factors. 8 In fact, CT does not consistently identify the extent of disease. O'Dowd et al reviewed 18 studies and reported only 35.7% sensitivity, prompting them to argue that the only patients who should undergo CT are those in whom pelvic lymphadenectomy is planned. 5 In another review Reckwitz et al reported only 55% to 75% sensitivity for detecting local extension and 25% to 45% sensitivity for detecting lymph node metastases, while for MRI sensitivity was only 20% to 70% and 0% to 15%, respectively. 8 Hunchareck and Muscat estimated that eliminating unnecessary CT alone could produce a cost saving of $20 to $50 million yearly in direct costs. 9 The overuse of imaging tests is not restricted to the United States. In fact, the problem may be worse internationally. In a recent report Quinn et al from an academic center in Australia stated without justification that only 2 of a consecutive cohort of 834 patients with prostate cancer treated in 13 years did not undergo pretreatment pelvic CT. 10 After 1996 routine bone scans were not performed in patients with a PSA of less than 10 ng./ml. 10 We describe trends in staging test utilization in the last 12 years with particular focus on changes since our last analysis of CaPSURE data 4 years ago. Our major finding is that since the previous analysis, utilization rates decreased dramatically by 63%, 25.9% and 11.4% in patients at low, intermediate and high risk. All decreases were statistically significant. That the lowest rates in all studies occurred in patients diagnosed in 2001 suggests that these trends are ongoing. It is important to emphasize that men who have been diagnosed but have not yet undergone treatment were not included in this analysis. Therefore, rates in recently diagnosed patients were not lowered artificially by a lag in the completion of pretreatment testing.
While we identified significantly higher utilization rates in patients undergoing cryotherapy, since 1996 fewer than 10 (less than 5%) yearly have received this treatment. From 1999 onward only 3 of these 10 men underwent bone scan and none underwent cross-sectional imaging. As expected, patients following by watchful waiting had the lowest utilization rates. It is interesting that these rates did not vary significantly with risk. Otherwise treatment type did not predict utilization rates. We noted significant variation by geographic site with highest utilization rates in the East and the lowest in the Midwest, while at the single practice site level there was almost a 5-fold variation in testing rates across the country.
The decrease in utilization in men at low and intermediate risk is quite encouraging. Even more so is the fact that risk now predicts utilization at a statistically significant level, whereas it did not in the earlier data set. The decrease in rates in high risk cases may be explained in part by a change in treatment patterns in the 2 periods. Before July 1997 52.1% of patients at high risk received definitive local therapy (prostatectomy, radiation therapy or cryotherapy) and 40.2% received hormonal therapy as primary treatment. Since July 1997, only 36.8% of patients at high risk have received local therapy, while 57.2% have received hormonal therapy. Presumably staging tests would not change the treatment plan in men planning to undergo systemic therapy only. However, utilization rates in those at high risk who underwent local therapy decreased from 88.5% to 80.3% (p ϭ 0.015), suggesting that a growing number may in fact be receiving treatment without adequate staging.
A great strength of CaPSURE is that it tracks utilization and outcome patterns in actual practice without the strictures imposed by clinical trial protocols. The practice sites from which CaPSURE patients are recruited represent a broad range of geographic locales, and a mix of academic and community practices. Data are collected irrespective of any particular research question. Thus, they are free of any bias that may be introduced when data are collected to address a specific hypothesis.
Because data on patients accessioned before June 1, 1995 were entered retrospectively, they may be vulnerable to reporting bias. However, previous analysis has shown no difference in staging test utilization in men diagnosed before this date and those diagnosed between June 1995 and June 1997. 2 A perennial caveat with respect to the interpretation of CaPSURE data is that only staging tests ordered by urologists are included. Tests ordered by primary physicians before referral, or by medical or radiation oncologists after diagnosis would be missed. Furthermore, in the cited studies CT but not MRI utilization was evaluated, although MRI and CT are not necessarily interchangeable staging modalities. However, MRI utilization rates in CaPSURE are highly heterogeneous by practice site with 2 sites accounting for almost 40% of scans. Due to this skew in the data and because our data set does not distinguish endorectal from body coil MRI, which is an important distinction when addressing optimal utilization, we decided to consider all cross-sectional imaging together.
While CaPSURE represents a mix of locales and practice types, sites were not chosen at random and, thus, they cannot be assumed to represent a statistically valid sample of United States practice patterns. For example, white patients are relatively over represented in CaPSURE compared with national census data. However, despite these cautionary notes we believe that our data represent the best available sampling of national practice trends. Furthermore, as noted by Kindrick et al, 2 the recommendations with respect to testing at various risk levels were developed through extensive literature review and development of validated nomograms but have not been prospectively tested for clinical and economic outcomes. Therefore, it remains impossible to verify with certainty the extent to which practice patterns represent an appropriate application of available staging modalities.
CONCLUSIONS
We report a sharp decrease in the rates of imaging test utilization for staging clinically localized prostate cancer. However, almost a quarter of patients with low risk disease and more than half with intermediate risk disease continue to undergo tests that are not indicated by extant recommen-dations and nomograms, while almost 20% at high risk are receiving definitive local therapy without previous imaging. Kindrick et al noted the absence in the urological literature of formal clinical practice guidelines for pretreatment staging for prostate cancer. 2 This void remains unfilled. We hope that updated professional guidelines may address indications for staging test utilization and that such guidelines would mitigate the broad variation in utilization rates. Further studies are needed to assess the eventual impact of guidelines on practice patterns and clinical outcomes.
